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(54) Molten carbonate fuel cell 

(57) There is provided a molten carbonate fuel cell 
including (a) fuel electrodes, (b) air electrodes, and (c) 
electrolytic plates sandwiched between the fuel and air 
electrodes, the fuel electrode, the air electrode and the 
electrolytic plate cooperating with one another to define 
a unit cell, the electrolytic plate being formed with a plu- 
rality of fine through-holes through which the fuel and air 
electrodes are in fluid communication with each other, 
both unreacted gas and gas produced by reaction at the 
fuel electrode flowing from the fuel electrode to the air 
electrode through the through-holes. The above men- 
tioned molten carbonate fuel cell provides advantages 
of no reduction in cell performance which would caused 
by Nernst loss, capability of fuel consumption with high 
efficiency, no necessity of carbon dioxide gas recycling 
system, responsibility to rapid fluctuation in load, mak- 
ing a structure of a generating set simpler, and reduc- 
tion in fabrication costs. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

The invention relates to a molten carbonate fuel cell 
which directly converts chemical energy of fuel into 
electric energy. 

DESCRIPTION OF THE RELATED ART 

As illustrated in Fig. 1 , a molten carbonate fuel cell 
generally includes cells 4, and separators 5 sandwich- 
ing the cell 4 therebetween. The cell 4 includes an 
anode or a fuel electrode 2, a cathode or an air elec- 
trode 3, and a thin planar electrolytic plate 1 sand- 
wiched between the fuel and air electrodes 2 and 3. A 
single cell 4 could provide a low voltage, specifically 
about 0.8 V. Hence, many cells 4 are piled with the sep- 
arators 5 being sandwiched between the cells 4, to 
thereby generate a higher voltage. 

Anode gas containing hydrogen is supplied to the 
fuel electrode 2, and cathode gas containing oxygen is 
supplied to the air electrode 3 through manifolds (not 
illustrated). Then, chemical reaction is made to occur at 
each of the cells 4 at high temperature, specifically at 
about 650 °C to thereby generate electricity, which is 
taken out in a direction perpendicular to a plane of each 
of the cells (namely, a vertical direction in Fig. 1). Elec- 
trolyte (molten carbonate) contained in the electrolytic 
plate 1 is molten at the above mentioned temperature, 
and wetting between the molten electrolytic plate t and 
the separator 5 ensures gas sealing between the sepa- 
rators 5. 

Fig. 2 schematically illustrates a generating set 
including the above mentioned fuel cell for generating 
electricity using natural gas as fuel. The illustrated gen- 
erating set includes a molten carbonate fuel cell 6 (here- 
inafter, referred to simply as a fuel cell) including a 
plurality of the cells 4 piled one on another, a reformer 7 
using natural gas as fuel, a gas blower 8a, and an air 
compressor 8b. Natural gas is reformed in a reforming 
tube in the reformer 7 into anode gas containing hydro- 
gen, and the thus reformed anode gas is supplied to an 
anode of the fuel cell 6 for generating electricity. 
Exhaust gas exhausted out of an anode of the fuel cell 
6 is burned in a combustion chamber of the reformer 7 
to thereby reform natural gas contained in the reforming 
tube, and resulting exhaust gas is mixed with cathode 
gas containing oxygen. The gas blower 8a is called car- 
bon dioxide gas recycling blower, because it supplies 
carbon dioxide (C0 2 ) produced at an anode to the air 
electrode. 

As illustrated in Fig. 2, anode gas (fuel gas or 
reformed gas) is supplied into a fuel electrode reaction 
chamber of the fuel cell 6, and make electrode reaction 
(anode reaction) at the fuel electrode 2. The resulting 
exhaust gas is burned, and then supplied into an air 



electrode reaction chamber together with air. In the air 
electrode 3, the exhaust gas mixed with air make elec- 
trode reaction (cathode reaction), and at the same time 
remove heat generated in the fuel cell 6. As a result, 
there is produced high temperature exhaust gas, from 
which energy is recovered. The above mentioned fuel 
electrode 2, electrolytic plate 1 , and air electrode 3 keep 
in sufficient contact with one another for providing cell 
performances. The electrolytic plate 1 is porous so as to 
sufficiently retain electrolyte therein to thereby prevent 
occurrence of cross leakage. 

Fig. 3 shows an example of gas composition at inlet 
and outlet ports of each of the cells 4 of the fuel cell 6. 
In a conventional fuel cell, anode gas is supplied into a 
fuel electrode reaction chamber through an inlet port 
(which is located at the left end in Fig. 3), and flows 
along the fuel electrode 2, while which hydrogen and 
carbon monoxide (CO) are consumed in anode reac- 
tion. Finally, unreacted gas together with reaction prod- 
ucts such as C0 2 and H 2 0 is exhausted through an 
outlet port (which is located at the right end in Fig. 3) of 
the reaction chamber. Thus, atmospheric fuel concen- 
tration at the fuel electrode 2 is decreased with fuel con- 
sumption between the inlet and outlet ports, and the 
thus decreased fuel concentration in turn reduces elec- 
tro motive voltage. The reduction in electro motive volt- 
age caused by reduction in a fuel concentration is called 
Nernst loss. A problem is that the greater a fuel utiliza- 
tion rate is, the greater Nernst loss is. 

Since carbon dioxide gas is necessary for cathode 
reaction in the air electrode 3, anode exhaust gas is 
mixed with air supplied from the air compressor 8b, as 
mentioned earlier. However, since gas to be supplied to 
the air electrode is mixed with combustion exhaust gas. 
concentration of oxygen and carbon dioxide gas is lower 
than required in the air electrode, which poses a prob- 
lem of great Nernst loss, similarly to the fuel electrode. 

That is, a conventional molten carbonate fuel cell 
has a problem that the reduction in cell performances 
caused by Nernst loss is unavoidable, and thus it is dif- 
ficult to use fuel with high utilization rate. 

In addition, a generating set including conventional 
molten carbonate fuel cells therein needs a carbon diox- 
ide gas recycling system for supplying carbon dioxide 
gas generated at a fuel electrode to an air electrode, as 
mentioned above. This is accompanied by a problem 
that load response speed is restricted during transition 
time in which electricity generation output varies. That 
is, though an amount of carbon dioxide gas generated 
at a fuel electrode due to electricity generation is equal 
to an amount of consumption of carbon dioxide gas at 
an air electrode, it is quite difficult to operate a generat- 
ing set in accordance with load fluctuation, because of 
delay in carbon dioxide gas recycle which is caused by 
the tube capacity in transition. 

In addition, since a generating set including con- 
ventional molten carbonate fuel cells therein needs a 
carbon dioxide gas recycling system therefor, there is 
necessity of tubes and blowers, which in turn is accom- 
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panied by problems that a generating set cannot avoid 
to have a more complicated structure and costs for fab- 
rication of a generating set are increased. 

SUMMARY OF THE INVENTION 

In view of the above mentioned problems in con- 
ventional molten carbonate fuel cell, it is an object of the 
present invention to provide a molten carbonate fuel ceil 
which is capable of avoiding reduction in cell perform- 
ance which would be caused by Nernst loss, operating 
with high fuel utilization rate, requiring no carbon diox- 
ide gas recycling system, being responsive to rapid fluc- 
tuation in load, making a structure of a generating set 
simpler, and reducing fabrication costs thereof. 

There is provided a molten carbonate fuel cell 
including (a) fuel electrodes, (b) air electrodes, and (c) 
electrolytic plates sandwiched between the fuel and air 
electrodes, the fuel electrode, the air electrode and the 
electrolytic plate cooperating with one another to define 
a unit cell, the electrolytic plate being formed with a plu- 
rality of fine through-holes through which the fuel and air 
electrodes are in fluid communication with each other, 
both unreacted gas and gas produced by reaction at the 
fuel electrode flowing from the fuel electrode to the air 
electrode through the through-holes. 

In accordance with the above mentioned molten 
carbonate fuel cell, both unreacted gas and gas pro- 
duced by reaction at the fuel electrode flow from the fuel 
electrode to the air electrode through the through-holes 
formed with the electrolytic plate, and hence all surfaces 
of the fuel electrode are exposed to fresh fuel, which 
avoids reduction in cell performances caused by Nernst 
loss which is in turn caused by reduction in fuel concen- 
tration, thereby it being possible to accomplish opera- 
tion with a high fuel utilization rate. 

In addition, since it is possible to supply carbon 
dioxide gas generated by reaction at the fuel electrode 
directly to the air electrode through the through-holes 
formed with the electrolytic plate, it is no longer neces- 
sary to equip a generating set with a carbon dioxide gas 
recycling system. Furthermore, since an amount of car- 
bon dioxide gas generated at the fuel electrode by elec- 
tricity generation is equal to an amount of carbon 
dioxide gas consumed at the air electrode, it is possible 
to respond to rapid fluctuation in load. Since a carbon 
dioxide gas recycling system is no longer necessary, it 
is possible for a generating set to have a simpler struc- 
ture, and to reduce fabrication costs. 

In a preferred embodiment, flow rate of fuel is con- 
trolled in accordance with load output, so that gas pro- 
duced by reaction at the fuel electrode and gas which 
was supplied to the fuel electrode but not reacted flow 
through the through-holes to generate a pressure differ- 
ence between the fuel and air electrodes, the pressure 
difference being equivalent to a pressure loss. This 
embodiment ensures that a required amount of flow rate 
of fuel is always supplied to a ceil in accordance with 
output load, to thereby reduce an amount of unreacted 



fuel gas flowing into the air electrode below a few per- 
cent, resulting in operation of the cell with a high fuel uti- 
lization rate and depression of production of heat 
caused by residual combustible gas. 

5 In another preferred embodiment, a pressure at the 
fuel electrode is kept higher than a pressure at the air 
electrode in accordance with load output to produce a 
pressure difference between the fuel and air electrodes, 
so that gas produced by reaction at the fuel electrode 

ro and gas which was supplied to the fuel electrode but not 
reacted flow through the through-holes due to the pres- 
sure difference. This embodiment ensures that the 
pressure difference is kept almost zero during OCV in 
which time electricity is not generated to thereby avoid 

75 fuel consumption, and the pressure difference is 
increased in accordance with output power during elec- 
tricity is being generated, thereby reducing an amount 
of unreacted fuel gas flowing into the air electrode 
below a few percent, resulting in operation of the cell 

20 with a high fuel utilization rate and depression of pro- 
duction of heat caused by residual combustible gas. 

In still another preferred embodiment, the fuel elec- 
trode is provided with catalyst for reforming, gas 
reformed by the catalyst together with unreacted gas 

25 and gas produced by reaction at the fuel electrode flow- 
ing from the fuel electrode to the air electrode through 
the through-holes. In accordance with the embodiment, 
it is possible tor an internal reform type fuel cell to have 
a simpler structure, resulting in that it is no longer nec- 

30 essary for a generating set to have an external reformer, 
and hence a generating set can have a simpler struc- 
ture. 

The above and other objects and advantageous 
features of the present invention will be made apparent 
35 from the following description made with reference to 
the accompanying drawings, in which like reference 
characters designate the same or similar parts through- 
out the drawings. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view illustrating a general mol- 
ten carbonate fuel cell. 

Fig. 2 is a schematic view illustrating a conventional 
45 generating set using natural gas as fuel. 

Fig. 3 is a schematic view of a conventional fuel 
cell, showing gas composition at inlet and outlet ports of 
the fuel cell. 

Fig. 4 is a schematic view illustrating an internal 
so structure of a molten carbonate fuel cell in accordance 
with the present invention. 

Fig. 5A is a schematic view illustrating a generating 
set including a molten carbonate fuel cell in accordance 
with the present invention. 
55 Rg. 5B is a schematic view illustrating another gen- 
erating set including a molten carbonate fuel cell in 
accordance with the present invention. 

Rg. 6 is a schematic view illustrating a molten car- 
bonate fuel cell in accordance with another embodiment 
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of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments in accordance with the 
present invention will be explained hereinbelow with ref- 
erence to drawings. 

Fig. 4 illustrates an internal structure of a molten 
carbonate fuel cell in accordance with the present 
invention. As illustrated, a molten carbonate fuel cell in 
accordance with the present invention includes a cell 14 
comprising a fuel electrode 12, an air electrode 13, and 
a electrolytic plate 1 1 sandwiched between the fuel and 
air electrodes 12 and 13. The electrolytic plate 11 is 
formed with a plurality of fine through-holes 1 1a through 
which the fuel and air electrodes 12 and 13 are in fluid 
communication with each other. Thus, both unreacted 
gas and gas produced by reaction at the fuel electrode 
12 flow from the fuel electrode 1 2 to the air electrode 1 3 
through the through-holes 1 la. 

As mentioned earlier, it is necessary to expose an 
entire surface of the fuel electrode 12 to fresh fuel in 
order to reduce Nernst loss which would be caused at 
the fuel electrode 12. To this end, the electrolytic plate 
11 is formed with a plurality of the fine through-holes 
11a unlike a conventional electrolytic plate acting 
merely as a partition wall for separating fuel and air 
electrodes from each other, to thereby make it possible 
for unreacted gas and gas produced by reaction at the 
fuel electrode 1 2 to flow from the fuel electrode 1 2 to the 
air electrode 13. The fuel and air electrodes 12 and 13 
are originally porous. Thus, gas flows directly through 
the electrolytic plate 11 by forming the electrolytic plate 
1 1 with the through-holes 1 1 a and producing a pressure 
difference between the fuel and air electrodes 12 and 
13. 

As illustrated in Fig. 4, hydrogen (H 2 ) reacts with 
carbonic acid ion (C0 3 2 ") to thereby generate moisture 
(H 2 0) and carbon dioxide (C0 2 ) in anode reaction 
occurring at the fuel electrode 12. The thus generated 
moisture and carbon dioxide are supplied directly to the 
air electrode 13 through the through-holes 11a of the 
electrolytic plate 11. Oxygen (Oa) contained in cathode 
gas reacts with carbon dioxide (C0 2 ) to thereby car- 
bonic acid ion (C0 3 2 ) in cathode reaction occurring at 
the air electrode 13. The carbonic ion is supplied 
directly to the fuel electrode 1 2 through electrolyte of the 
electrolytic plate 11. Thus, in accordance with the 
present embodiment, carbonic acid ion which is 
required for anode reaction and carbon dioxide gas 
which is required for cathode reaction are in direct circu- 
lation within the cell 14. In Fig. 4, particles of which the 
fuel and air electrodes 12 and 13 are formed are repre- 
sented with circles 12a and 13a, through which elec- 
trons move to thereby generate electricity. 

In the reaction at the fuel electrode 12 in Fig. 4, the 
fuel electrode receives fuel gas, namely hydrogen and 
carbon monoxide, from a flow path and also receives 



carbonic acid ion from a electrolyte, and cause them to 
react with each other therein, similarly to a conventional 
fuel electrode. Whereas reaction products and unre- 
acted gas are conventionally returned to a fuel elec- 

5 trode flow path, they flow through the fine through-holes 
1 1a of the electrolytic plate and reach the air electrode 
13 in the present embodiment. Thus, gas flow is always 
unidirectional, and hence a surface of the fuel electrode 
12 is always exposed to fresh fuel having a high con- 

10 centration, resulting in reduction in Nernst loss. In the 
embodiment, it is prefer to prevent rich gas to flow to the 
air electrode 13 by keeping high fuel utilization rate. 

In the reaction at the air electrode 13, highly con- 
centrated carbon dioxide gas coming through the fine 

is through-holes 1 1a of the electrolytic plate 1 1 and oxy- 
gen gas coming through a flow path of the air electrode 
react with each other in the porous air electrode to 
thereby generate carbonic acid ion required for the 
reaction at the fuel electrode 12. Unburnt fuel flowing 

20 through the fine through-holes 11a of the electrolytic 
plate 1 1 is burnt in the air electrode 13, but the burning 
of unburnt fuel exerts a slight influence on the cell 14 
because the cell 14 is in operation with a high fuel utili- 
zation rate and the unburnt fuel is burnt in a condition 

25 that the unburnt fuel is made lean over an entire surface 
of the air electrode. In comparison with a conventional 
fuel cell, since it is possible to increase a concentration 
of reaction gas, in particular a concentration of carbon 
dioxide gas, Nernst loss can be reduced also in the air 

30 electrode 13. 

In order to form the electrolytic plate 1 1 with a plu- 
rality of the fine through-holes 11a, coarse particles may 
be mixed into the electrolytic plate 1 1 or pore former 
may be introduced into the electrolytic plate 11. Pore 

35 former includes polymer which is vaporized by heating, 
and thus cavities or through-holes 11a can be formed 
by vaporizing the pore former when the fuel cell is 
heated. For instance, if the fine through-holes 1 1a hav- 
ing a diameter of 100 ^m occupies about 5 % in pore 

40 volume in the electrolytic plate 11, load of one atom, 
that is 150 mA/ cm 2 acts as water head of about 1 
meter. 

Figs. 5A and 5B illustrate generating sets including 
a molten carbonate fuel cell in accordance with the 

45 present invention. As illustrated, a molten carbonate 
fuel cell in accordance with the present invention has no 
outlet port for gas (anode exhaust gas) passing through 
a reaction chamber of the fuel electrode to be dis- 
charged therethrough, and hence exhaust gas is not 

50 discharged from the fuel electrode. All amount of gas 
supplied to the fuel electrode including gas produced by 
reaction at the fuel electrode and unreacted gas which 
was supplied to the fuel electrode, but not reacted is 
made to flow into a cathode through a plurality of the 

55 fine through-holes 1 1 a formed with the electrolytic plate 
11. 

As illustrated in Fig. 5A, a flow rate of fuel is control- 
led by a fuel flow rate adjust valve 1 7 in accordance with 
load output to thereby flow gas produced by reaction at 



4 



7 



EP0 810 684A2 



8 



the fuel electrode and unreacted gas which was sup- 
plied to the fuel electrode, but not reacted, into a cath- 
ode through a plurality of the fine through-holes 11a 
formed with the electrolytic plate 1 1 . 

As an alternative, as illustrated in Fig. 5B, a gener- s 
ating set may include a differential pressure gage 16 for 
detecting a differential pressure between the fuel and 
air electrodes, and a flow rate adjust valve 17 for con- 
trolling an amount of gas in accordance with outputs of 
the differential pressure gage 16. In the illustrated gen- 10 
erating set, a pressure at the fuel electrode is kept 
higher than a pressure at the air electrode, and gas in 
an amount to be determined in accordance with load 
output can be flown into the air electrode from the fuel 
electrode due to a pressure difference between the fuel is 
and air electrodes. 

Thus, it is ensured that a pressure difference 
between the fuel and air electrodes is kept almost zero 
during OCV in which time electricity is not generated to 
thereby avoid fuel consumption, and the pressure differ- 20 
ence is increased in accordance with output power dur- 
ing electricity is being generated, thereby reducing an 
amount of unreacted fuel gas flowing into the air elec- 
trode below a few percent, resulting in operation of the 
cell with a high fuel utilization rate and depression of 25 
production of heat caused by residual combustible gas. 

Fig. 6 illustrates a molten carbonate fuel cell in 
accordance with another embodiment of the present 
invention. As schematically illustrated, the fuel cell is 
provided at the fuel electrode 12 thereof with a porous so 
flow path plate 19 and catalyst 18 for reforming. Gener- 
ated electricity is taken out through the porous flow path 
plate 19. Gas reformed by the catalyst 18 together with 
unreacted gas and gas produced by reaction at the fuel 
electrode 1 2 is made to flow from the fuel electrode 1 2 35 
to the air electrode 13 through the through-holes 11a. 
Thus, it is possible to accomplish an internal reform type 
fuel cell which has a simple structure and which does 
not need to have an external reformer, which in turn 
enables a generating set to have a simpler structure. 40 

It should be noted that the present invention is able 
to be applied to not only a molten carbonate fuel cell, 
but also other types of fuel cell. 

As mentioned so far, a molten carbonate fuel cell in 
accordance with the present invention is characterized 45 
by that (a) Nernst loss is reduced with the result of 
improvement in cell performances, (b) a carton dioxide 
gas recycling system is no longer necessary, and there 
is no delay in supply of carbon dioxide gas, resulting in 
that the fuel cell can be readily run, (c) since the fuel cell so 
is of percolation type, the fuel cell can be readily control- 
ted, (d) it is possible to run the fuel cell with high fuel uti- 
lization rate, (e) it is possible to form a ceil in a simpler 
structure with the result of cost reduction, and (f) a mol- 
ten carbonate fuel cell in accordance with the present 55 
invention can be applied to an internally reforming type 
fuel cell. 

That is, a molten carbonate fuel ceil in accordance 
with the present invention provides advantages of no 



reduction in cell performance which would caused by 
Nernst loss, capability of fuel consumption with high effi- 
ciency, no necessity of carbon dioxide gas recycling 
system, responsibility to rapid fluctuation in load, mak- 
ing a structure of a generating set simpler, and reduc- 
tion in fabrication costs. 

While the present invention has been described in 
connection with certain preferred embodiments, it is to 
be understood that the subject matter encompassed by 
way of the present invention is not to be limited to those 
specific embodiments. On the contrary, it is intended for 
the subject matter of the invention to include all alterna- 
tives, modifications and equivalents as can be included 
within the spirit and scope of the following claims. 

Claims 

1 . A molten carbonate fuel cell comprising: 

(a) fuel electrodes; 

(b) air electrodes; and 

(c) electrolytic plates sandwiched between said 
fuel and air electrodes, 

said fuel electrode, said air electrode 
and said electrolytic plate cooperating with one 
another to define a unit cell, 

said electrolytic plate being formed with 
a plurality of fine through-holes through which 
said fuel and air electrodes are in fluid commu- 
nication with each other, both unreacted gas 
and gas produced by reaction at said fuel elec- 
trode flowing from said fuel electrode to said air 
electrode through said through-holes. 

2. The molten carbonate fuel cell as set forth in claim 
1, wherein flow rate of fuel is controlled in accord- 
ance with output load, so that gas produced by 
reaction at said fuel electrode and gas which was 
supplied to said fuel electrode but not reacted flow 
through said through-holes to generate a pressure 
difference between said fuel and air electrodes, 
said pressure difference being equivalent to a pres- 
sure loss. 

3. The molten carbonate fuel cell as set forth in claim 
1, wherein a pressure at said fuel electrode is kept 
higher than a pressure at said air electrode in 
accordance with load output to produce a pressure 
difference between said fuel and air electrodes, so 
that gas produced by reaction at said fuel electrode 
and gas which was supplied to said fuel electrode 
but not reacted f tow through said through-holes due 
to said pressure difference. 

4. The molten carbonate fuel cell as set forth in claim 
1 , wherein said fuel electrode is provided with cata- 
lyst for reforming, gas reformed by said catalyst 
together with unreacted gas and gas produced by 
reaction at said fuel electrode flowing from the fuel 
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electrode to said air electrode through said through- 
holes. 
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FIG. 5A 
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